INTRODUCTION
The phosphorylation of transcription factors is critical for the expression of genes that are (8, 9) and also plays a role in suppression of skin cancer (10) .
Stress-activated protein kinases (SAPKs), such as Jun NH 2 -terminal protein kinases 1 and 2
(JNK1 and JNK2) and p38, phosphorylate ATF-2 at Thr69 and Thr71 (to yield ATF-2pT69/71), which are close to its amino-terminal transcriptional activation domain and, in this way, they enhance its transactivation capacity (11) (12) (13) in response to stresses such as UV light, osmotic stress, hypoxia and inflammatory cytokines (14) .
It has been also proposed that activation of ATF-2 by p38/JNK might play a role in apoptosis (15) .
A recent study of "knock-in" mice showed that phosphorylation of both Thr69 and Thr71 of ATF-2 by p38 kinase is required for the initiation of anti-apoptotic activity in embryonic liver and heart in conjunction with ATF-7 (16).
Both insulin and serum can activate ATF-2 via a two-step mechanism that involves two distinct Ras effector pathways: the phosphorylation (p-) of Thr71 via the Ras-Raf-MEK-ERK pathway; and the subsequent phosphorylation of Thr69 via the Ras-RalGDS-Ral-Src-p38 pathway (17) .
Phosphorylation of Thr69 and Thr71 stabilizes ATF-2 and modulates AP-1/CRE-dependent transcription (18, 19) . Thus, ATF-2 is responsive to a variety of external and internal stimuli, which range from mitogenic signals that are mediated via ERK to stress signals that are mediated via p38 (11) (12) (13) (14) .
It in-frame, and proteins fused to GST were purified as described previously (24, 25 U of penicillin plus streptomycin and glutamine (GIBCO-Invitrogen) at 100 μg per ml each (25) .
Cells were serum-starved in DMEM plus 0.5%
FBS for 12-16 h at 37 in an atmosphere of 5% CO 2 in air before stimulation. Then cells were treated with TPA (Sigma-Aldrich) at 60-200 nM for 6 h at 37 . Induction of the differentiation of F9 cells by retinoic acid (RA) was performed as described elsewhere (25) .
Primary mouse embryonal fibroblasts (MEF)
derived from mice with null alleles for ATF-2 and ATF-7 or for ATF-2 only were generated from E11.5 and E12.5 embryos that were derived from crosses of heterozygous animals as follows:
/ATF-7 (+/-) (16 In some experiments, cells were washed three times for 3 min each at 4 with CSK (cytoskeleton) buffer, which contained 10 mM piperazine-N,N'-bis(2-ethanesulfonic acid)
(PIPES), pH 6.8, 100 mM NaCl, 300 mM sucrose, 7 mM MgCl 2 , 1 mM EDTA, 0.5% Triton X-100, 1 mM Na 3 VO 4 , 50 mM NaF and 20 mM E-glycerophosphate, and then lysed in RIPA As shown in Figure 3C , recognition of However, the bands of the lower-molecular-mass protein visualized with p-Ser367-specific antibodies did not disappear, suggesting that these bands might represent unrelated cross-reacting proteins. We treated nuclear extracts with protein phosphatase-1A (PP1A) and examined its effects by Western blotting. As shown in Figure   3D , the bands of phospho-ATF-2 disappeared after such treatment. Thus, the respective bands As shown in Figure 3 , we prepared antibodies against p-Ser121, p-Ser340 and p-Ser367 (anti-pS121, anti-pS340, anti-pS367)
peptides. We detected a major band of protein of 68-70 kDa when we examined the specificity of each of these antibodies (Fig. 3B ).
Competition experiments with phosphopeptides that corresponded to each respective phosphorylated residue and a phosphatase experiment confirmed the antigenic specificity of each preparation of antibodies (Fig. 3, C and D) . (Fig. 1) . We also detected significant phosphorylation of Ser121, Ser340 and SerS367 in rabbit kidney PK13 cells but only weak phosphorylation of these three sites in rabbit normal cornea RC4 cells. Moreover, exposure of these cells to UV light did not significantly alter the extent of phosphorylation of these residues in ATF-2, suggesting that these residues might not be involved, to any great extent, in the response to UV stress (supplemental (Fig. 7A) .
Thus, at least, PKCD affected the transactivation activity of ATF-2, while ATF-2S121A had no such activity (Fig. 7C) . 
